Background: Outcomes for patients with metastatic bladder cancer (mBC) are generally poor and progressively worse following first-line (1L) chemotherapy. Objective: To evaluate treatment patterns, survival outcomes, and characteristics of a large, real-world US population of elderly patients with advanced mBC receiving 1L and second-line (2L) treatment retrospectively. Methods: We identified patients with advanced mBC (aged ≥66 years)-newly diagnosed between January 1, 2004, and December 31, 2011-in the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) Program-Medicare linked database and assessed their palliative systemic chemotherapy treatments and survival outcomes. Results: Of 1703 eligible patients, 42% received 1L chemotherapy; 1L-treated patients tended to be younger and healthier than nontreated patients. Only 27% of 1L-treated patients received cisplatin-based chemotherapy, most commonly cisplatingemcitabine. Cisplatin-treated patients were younger and had fewer comorbidities than non-cisplatin-treated patients. Thirtyfive percent of 1L-treated patients subsequently received 2L chemotherapy. Patients received a variety of 2L agents as combination chemotherapy (52%) or single-agent chemotherapy (39%). Median overall survival durations in 1L-treated and 2L-treated patients were 8.5 and 7.9 months, respectively. Conclusions: Results from this retrospective SEER-Medicare database analysis underscore the historical inadequacies of 1L and 2L treatments in elderly patients with advanced mBC. Few patients were treated with 1L chemotherapy, a minority of whom received 1L cisplatin-based chemotherapy, and even fewer received 2L chemotherapy. These findings highlight the disconnect between 1L treatment in clinical trials and treatment in the real-world setting and the lack of standard approaches to 2L treatment in the United States.
INTRODUCTION
In 2017, ≈79,000 patients in the United States (US) will receive a new diagnosis of bladder cancer (BC), and ≈16,800 will die [1] . Although clinically ISSN 2352-3727/18/D 27.50/$35.00 © 2018 -IOS Press and the authors. All rights reserved localized BC is potentially curable, metastatic BC (mBC) is generally associated with a poor prognosis. Approximately 11% of patients with BC have regional or distant metastases at initial presentation, with 5-year survival rates of ≈35% and 5%, respectively [2, 3] .
A few decades of randomized trials established cisplatin-based combination chemotherapy as the standard first-line (1L) treatment for mBC [4] [5] [6] . However, a substantial disconnect exists between the results seen in patients enrolled in clinical trials and in those treated in the "real world." Indeed, BC is largely a disease of the elderly (median age at diagnosis in the US of 65 years) [1, 7] . Elderly patients are generally underrepresented in clinical trials, or, if included, are more fit than the broader population, limiting the generalizability of such studies [8] . Although elderly patients, with age-associated physiological decline in renal function and/or other comorbidities, are commonly considered cisplatin ineligible, the extent to which elderly patients with BC treated in real-world settings receive non-cisplatin-based therapy has been under-researched [9] [10] [11] [12] [13] [14] . Furthermore, before 2016, no treatments for patients with mBC that progresses following 1L chemotherapy were approved in the US.
We performed a retrospective observational cohort study to better understand the patterns of care of elderly patients with mBC in real-world settings and to explore the potential disconnect between the efficacy and effectiveness of systemic therapies for this disease.
MATERIALS AND METHODS

Data source
The Surveillance, Epidemiology, and End Results (SEER)-Medicare database is a linkage of 2 large, US population-based data sources: the SEER program of the National Cancer Institute and the Centers for Medicare and Medicaid Services, which provides detailed information on Medicare beneficiaries with cancer [15] .
Patient population
We identified patients with BC including the upper and lower urinary tracts (International Classification of Diseases [ICD]-0-3 site codes C65.9, C66.9, C68.0, C67.x) (N = 214,444) and an initial diagnosis of stage IV transitional cell carcinoma (histology codes: 8120, 8122, and 8130) between January 1, 2004, and December 31, 2011 (n = 5801). Patients were included if they had no cancer during the year before or at any time after their mBC diagnosis (n = 4225), had a corresponding Medicare claim for BC (ICD Ninth Revision [ICD-9] codes 188.0-188.9, 189.1-189.3, 233.7, 236.7, 239.4, or V10.51) within 90 days before or after their SEER diagnosis (n = 3184), were 66 years or older at diagnosis (to ensure that all individuals had ≥1 full year of claims before BC diagnosis, n = 2840), had dates of birth and death that agreed in the SEER and Medicare databases (n = 2799), did not have their cancer reported solely from an autopsy or death certificate, and, during the year before their mBC diagnosis, had received no hospice care nor enrolled in a health maintenance organization but were covered by Medicare Parts A and B (n = 2043).
This analysis focused on patients whose chemotherapy was considered palliative rather than curative. Because a subset of patients in SEER with stage IV BC receiving chemotherapy might include patients with pathological evidence of nodal metastatic disease, who underwent potentially curative surgery and received chemotherapy in the perioperative setting, we excluded patients who had a cystectomy and perioperative chemotherapy after their initial stage IV diagnosis.
We defined neoadjuvant chemotherapy as presurgery chemotherapy claims that occurred ≤180 days before the surgery claim and ≤30 days before the diagnosis date (to account for delays in diagnosis recording). Drug claims made after the metastatic diagnosis date but >180 days before surgery were not considered neoadjuvant chemotherapy to avoid describing chemotherapy that may have been for other cancers. Adjuvant chemotherapy was defined as chemotherapy claims occurring within 120 days after the surgery claim. For patients who received neoadjuvant and adjuvant chemotherapy for 120 days, the latter was considered 1L chemotherapy (because it is usually given for 3 to 4 cycles in 21-or 28-day regimens). For patients who did not receive neoadjuvant chemotherapy but did receive adjuvant chemotherapy for 150 days, the latter was considered 1L chemotherapy. For patients with pT4a, pT4b, pN2, or pN3 tumors, chemotherapy that was initiated within 90 days of surgery and continued for ≤120 days was considered adjuvant with curative intent; these patients were excluded. Chemotherapy that did not meet this initiation time criteria or the criteria for number of cycles was considered 1L chemotherapy with palliative intent; these patients were included in the study.
Any patients whose records indicated a date of death prior to therapy were excluded as this may have been an error in their records.
Treatment and line-of-therapy definitions
The 1L and second-line (2L) chemotherapeutic agents of interest were carboplatin, cisplatin, cyclophosphamide (2L only), gemcitabine, docetaxel, doxorubicin, 5-fluorouracil, ifosfamide, methotrexate, nab-paclitaxel, paclitaxel, pemetrexed, and vinblastine. For patients with no claims for these agents, we searched for other evidence of chemotherapy care (eg, J9999 [not otherwise classified, antineoplastic drugs]).
1L chemotherapy was defined by Medicare claims for chemotherapy drugs received at any time after the mBC diagnosis date or ≥120 days after surgery if surgery occurred after diagnosis. Any drugs added within 30 days of the first drug were considered part of the 1L chemotherapy regimen. 2L chemotherapy was defined as a change or switch in therapy (including initiation of any drugs not part of the previous regimen), except for a cisplatin-to-carboplatin switch or resumption of the same therapy after ending the 1L regimen with a <180-day gap. For a cisplatin-tocarboplatin switch, patients were categorized based on the initial regimen (ie, cisplatin-based regimen if cisplatin was used first before switching to carboplatin) to avoid double counting.
Time to treatment initiation was defined as the duration between mBC diagnosis date and start of 1L chemotherapy only in patients treated with chemotherapy. Duration of treatment was defined as the period between the start and end dates of each line of treatment. The median duration of treatment and 95% CI were calculated by the Kaplan-Meier method, and patients whose end date of treatment was ≤1 month before the end of nondeath follow-up were censored at the last claim. Time between 1L and 2L chemotherapy was defined as the duration between the end of 1L and the start of 2L chemotherapy only in patients who received 2L chemotherapy.
Baseline comorbidities
Patients were considered to have selected clinically relevant comorbid conditions if they had ≥1 inpatient claim or ≥2 outpatient/physician claims ≥30 days apart between 12 months and 1 month before diagnosis. Comorbidities relevant to mBC [16] were selected from the Adult Comorbidity Evaluation-27 list and identified using ICD-9 clinical modification codes (see footnotes in Table 1 ). The modified Charlson Comorbidity Index (CCI), unlike the original CCI, does not include solid tumors [17] [18] [19] .
Claims-based proxy for performance status
The SEER-Medicare database does not include measures of performance status, such as the Eastern Cooperative Oncology Group performance score. Instead, we used Medicare claims from 12 months before the mBC diagnosis to identify several indicators of poor performance status, including the use of oxygen and related respiratory therapy supplies and home health agency services [20] .
Survival analysis
The Kaplan-Meier method was used for survival analyses. Median survival and milestone survival (12 and 24 months) were calculated with 95% CIs around the estimates. Patients who had not died by the end of study follow-up (December 31, 2013) were censored. Overall survival (OS) was calculated either from the time of diagnosis or the start of 1L or 2L chemotherapy until death from any cause.
Statistical analysis
Descriptive analyses included means and standard deviations or 95% CIs and/or medians and interquartile ranges for continuous variables and sample sizes and proportions for categorical variables.
RESULTS
Patient characteristics
Of the patients with mBC identified, 1703 met all inclusion and exclusion criteria. The median age of the 1703 patients with mBC was 78 years (66-101 years), and the cohort was 65% male. Fifty-one percent of patients had poor proxy performance status, and the mean modified CCI score was 0.83. The most common comorbidities were cardiovascular disease (62%) and diabetes (20%). Table 1 provides these and additional baseline characteristics. 
Treatment patterns and characteristics: 1L chemotherapy in patients with mBC in the SEER-Medicare database
Of the 1703 patients with mBC, 42% received any 1L systemic chemotherapy (Table 1) . Treated patients were younger, more likely to be men, and more likely to be married than were nontreated patients. Treated patients were also more likely to be healthier than nontreated patients were per CCI score and proxy performance status (Table 1) .
Of those receiving 1L chemotherapy, only 27% had 1L cisplatin-based regimens (Fig. 1A) -most commonly cisplatin-gemcitabine. In patients not receiving 1L cisplatin, the most common treatment regimen was gemcitabine-carboplatin (43%), then single-agent gemcitabine (12%) (Fig. 1A) . Baseline characteristics of patients receiving cisplatinor non-cisplatin-based chemotherapy and singleagent or combination chemotherapy are shown in Table 1 . Patients receiving 1L cisplatin were younger, had fewer comorbidities, and had a higher likelihood of metastatic disease limited to lymph nodes (any T, N1-3, M0) versus patients receiving noncisplatin-based chemotherapy. For 484 patients with metastases limited to lymph nodes (any T, N1-3, M0), 1L cisplatin-based regimens were also the most common 1L treatments (Supplementary Table 1 ).
More patients received 1L combination chemotherapy (70%) than 1L single-agent chemotherapy (22%) ( Table 1) . Compared with patients who got single-agent chemotherapy, patients who received combination chemotherapy were younger and had fewer comorbidities and a better proxy performance status (Table 1 ). In the 717 patients treated with 1L chemotherapy, the median time to initiation of 1L chemotherapy was 2.4 months, and the median duration of 1L chemotherapy was 2.1 months (Supplementary Table 2 ).
Treatment patterns and characteristics: 2L chemotherapy in patients with mBC in the SEER-Medicare database
The median age of the 254 patients treated with 2L chemotherapy was 75 years, the mean CCI score was 0.53, and 46% of these patients had poor proxy performance status (Table 1) ; cardiovascular disease and diabetes were the most common comorbidities.
Baseline characteristics of the patients treated with 2L chemotherapy were also assessed per taxane treatment status (Table 1) . Patients who received 2L single-agent taxanes and non-taxanes were similar in age, race, and location of residence (Table 1) . Compared with patients who received a non-taxane combination, patients treated with combination taxanes were slightly younger and were more likely to be male and white and to have a lower CCI score. The combination taxane subgroup also had comparatively fewer cases of poor proxy performance status (Table 1) .
Patients who received 1L chemotherapy received a wide variety of 2L agents. Regardless of 1L chemotherapy, most patients did not receive 2L chemotherapy (Fig. 1B) . The most common 2L chemotherapy regimens were single agent (24%) or combination taxane-based agents (24%), and more patients received combination chemotherapy (52%) than single-agent chemotherapy (39%) (Fig. 1C) . Characteristics of patients treated with 2L non-taxane single agents and non-taxane combination agents are detailed in Table 1 .
The median time to switching to 2L chemotherapy (ie, duration between the start of 1L chemotherapy and that of 2L chemotherapy) in the 254 patients treated with 2L chemotherapy was 6.5 months (Supplementary Table 2 ). The median time between the end of 1L and the start of 2L chemotherapy was 2.1 months (Supplementary Table 2 ). The median duration of 2L chemotherapy was 1.8 months (Supplementary Table 2 ). Approximately one-third of patients who received any 2L chemotherapy had received prior cisplatin-based 1L chemotherapy (Supplementary Table 2 ).
Median and milestone overall survival
Survival results are shown in Fig. 2A-E . In all patients with mBC (treated and nontreated, n = 1703), the median OS (mOS) from time of diagnosis was 6.4 months (95% CI, 5.9 months to 6.9 months). The probabilities of surviving 12 and 24 months were 29.2% (95% CI, 27.0% to 31.3%) and 13.1% (95% CI, 11.6% to 14.8%), respectively. The mOS from diagnosis was 12 months in patients treated with 1L chemotherapy and <4 months in patients not treated with 1L chemotherapy (Fig. 2A) .
In patients treated with any 1L chemotherapy (n = 717), the mOS from the start of 1L chemotherapy was 8.5 months (95% CI, 7.7 months to 9.3 months), and the 12-and 24-month survival probabilities were 35.6% (95% CI, 32.1% to 39.1%) and 16.3% (95% CI, 13.6% to 19.0%), respectively. Patients treated with 1L cisplatin-based chemotherapy had a longer mOS (12.1 months) than patients treated with non-cisplatin-based 1L chemotherapy (6.9 months) (Fig. 2B) . The mOS from the start of 1L therapy in patients who had received 1L combination chemotherapy was 9.5 months-slightly longer than in patients treated with 1L single-agent chemotherapy (8.0 months) (Fig. 2C) .
In patients who may have been possibly considered cisplatin ineligible because they either were not treated with 1L systemic chemotherapy or received a non-cisplatin-based 1L chemotherapy regimen (n = 1511), the mOS from time of diagnosis was 5.5 months (95% CI, 5.1% to 5.9%), and the 12-and 24-month survival probabilities were 25% and 11%, respectively (data not shown). For patients with metastases limited to lymph nodes, mOS was 21.3 months (95% CI, 17.6 months to 29.3 months) with cisplatin-based treatment and 16.1 months (95% CI, 13.6 months to 18.5 months) with non-cisplatinbased treatment (Supplementary Figure 1) .
In patients treated with any 2L chemotherapy (n = 254), the mOS from start of 2L chemotherapy was 7.9 months (95% CI, 6.0% to 8.8%), and the 12-and 24-month survival probabilities were 31.3% (95% CI, 25.5% to 37.0%) and 13.3% (95% CI, 9.0% to 17.6%), respectively. For patients treated with a single 2L agent, mOS was 5.1 months with a taxane and 7.5 months with a non-taxane agent (Fig. 2D) ; for patients who received 2L combination chemotherapy, mOS was 5.2 months for those treated with taxane-based combinations and 9.3 months for those treated with non-taxane-based combinations (Fig. 2E) .
In patients who received 1L chemotherapy but not 2L chemotherapy for unknown reasons, the mOS from end of 1L chemotherapy was 2.9 months (95% CI, 2.6% to 3.4%).
DISCUSSION
This retrospective analysis evaluated 1L and 2L treatment patterns and survival outcomes in a large, real-world US population of elderly patients with mBC. This study found that >50% of these patients received no 1L systemic therapy. This result is striking but agrees with previous observational findings that ≥50% of patients with mBC do not receive chemotherapy [12, 21] . Furthermore, although patients treated with 1L cisplatin-based chemotherapy had survival times similar to those in prospective clinical trials [4, 5] , the survival outcomes were suboptimal, and durable disease control was uncommon.
Many patients with mBC are elderly and have age-associated comorbidities, negatively affecting the risk:benefit ratio of cisplatin-based chemotherapy [22] [23] [24] , but there have been a paucity of studies specifically focused on chemotherapy for mBC in elderly patients (eg, [9, 14] ). In this real-world study, we found survival outcomes with 1L cisplatin similar to those in clinical trials [4, 5] that generally enrolled younger patients. However, patients receiving any 1L treatment (vs none), 1L cisplatin (vs non-cisplatin treatment), and 1L combination chemotherapy (vs single agent)-as well as those receiving any 2L treatment (vs none) and 2L combination chemotherapy (vs single agent)-still tended to have a younger median age than their cognate groups. These findings echo prior data suggesting a trend toward non-cisplatin 1L treatment with increasing age [11] . Here, only 27% of patients who received 1L chemotherapy received a cisplatin-based therapy, and these patients tended to be younger, have fewer comorbidities, and have metastatic disease limited to lymph nodes compared with their non-cisplatin-treated counterparts. A consensus definition of cisplatin ineligibility has been developed to facilitate the development of novel therapeutic approaches in this setting and adopted as the eligibility criteria for recently completed and ongoing registration trials [22] . However, the extent to which such criteria reflect the reasons for administration of non-cisplatin-based chemotherapy in the real world has not been explored. Although not all variables that define cisplatin ineligibility were available from the SEER-Medicare database, our analysis indicates that patients who received non-cisplatin 1L chemotherapy had higher CCI scores and poorer proxy performance status than patients who received cisplatin. Our results confirm a disconnect in treatment efficacy of standard-of-care 1L cisplatin and its effectiveness in real-world settings. These data reinforce the need for safe and effective regimens that can be used more broadly in patients with mBC.
In addition to the unmet needs identified in the 1L treatment setting, our analysis showed that only 35% of patients who received 1L chemotherapy subsequently received 2L chemotherapy. Patients received a wide range of 2L chemotherapy regimens, including an expectedly high proportion of combination regimens, underscoring the lack of consensus during the study period around best choice of treatment. These findings suggest that the identification and development of novel, tolerable 2L therapeutic approaches should be a priority. For instance, such approaches might need to be introduced earlier in treatment to achieve a greater impact on population-based outcomes, given that most patients with mBC are currently unable to proceed to 2L chemotherapy. Additionally, further studies identifying appropriate sequencing of therapies, run-in, or maintenance regimens may help to improve outcomes in a setting with such stark drop-off between 1L and 2L treatments.
Our analysis had several strengths and potential weaknesses. The SEER-Medicare database provided a large representative sample of US adults with mBC who received care across geographic regions and in multiple patient care settings. However, this database is limited to Medicare recipients and thus is not generalizable to a nonelderly population. Although SEER provides very detailed information on cancer diagnoses and treatment billing, the claims from Medicare may be prone to errors or misclassification due to coding practices. In addition, if a healthcare encounter is not required, comorbidities may be underestimated (both in occurrence and severity) when quantified solely by claims.
The observational study design and limited information on patient characteristics (eg, Eastern Cooperative Oncology Group performance status), laboratory values, and lifestyle behaviors (eg, smoking) that may serve as the basis of treatment choice preclude any conclusions regarding different treatment outcomes because treatment effectiveness may be confounded by baseline characteristics; thus, no formal comparative analyses of effectiveness adjusted for baseline characteristics were conducted.
This analysis detailed the treatment regimens used and regimen sequencing; however, some of these details were accompanied by small patient counts for certain treatment subgroups, less stable survival estimates, and wide CIs. Additionally, this analysis was limited to patients with an initial diagnosis of metastatic disease (rather than previously diagnosed localized disease). Neither disease progression nor the reason for treatment switch are captured in the SEER-Medicare database; therefore, some patients in the group whom we identified as having received 2L treatment may have been misclassified. Further, patients with "unknown" 2L treatment status may have died before 2L treatment, refused treatment, had no need for 2L treatment, or were still being treated with 1L treatment, so it is not possible to fully know all reasons why patients with 1L treatment did not receive 2L treatment. Therefore, treatment improvements need to be focused on 1L-treated patients with true disease progression who are eligible for 2L treatment.
After our study period (up to 2013), an important shift in the landscape of treatment for mBC occurred. Several large phase 1/2 studies and a phase 3 study showed that a subset of patients with platinum-resistant mBC achieved durable disease control with programmed death-ligand 1/programmed death-1 inhibitors (atezolizumab, nivolumab, pembrolizumab, avelumab, durvalumab), which led to their approval by the US Food and Drug Administration [25] [26] [27] [28] [29] [30] [31] [32] [33] . In addition, phase 2 studies have demonstrated the safety and activity of these therapies as 1L treatment for cisplatin-ineligible patients [25, 34] . The impact of such therapies on treatment patterns and outcomes in patients with BC in real-world settings requires further study to determine whether the gap between efficacy and effectiveness will begin to narrow.
